Digital Techniques and 

Data Handling 

3 


17 

DIGITAL TECHNOLOGY FUNDAMENTALS, 
MICROCONTROLLERS, MICROCOMPUTERS, 

AND FPGAs IN PROCESSES 303 

Definitions 303 
Introduction 303 

Microprocessors, Microcontroller, and Digital 
Signal Processors 304 
Microprocessors 304 
Microcontrollers 304 
Digital Signal Processors 304 
Computer Architecture 306 
CPU, Memory, I/O 306 
Memory Subsystem 306 
Computers in Industry 307 
Information Systems 308 
Control Systems 308 
Reconfigurable Systems 308 
Field-Programmable Logic Devices 309 
FPLDs Selection Criteria 311 
Systems on a Chip in FPLDs 311 
References 3 1 1 

Bibliography 312 

18 

SIGNAL PROCESSING IN PROCESS 
CONTROL AND AUTOMATION 31 3 

Introduction 313 

Analog Signals: Mathematical Approach 313 
Analog Systems 313 

Random Signals 314 


Periodic/ Aperiodic Signals 314 

Symmetric Signals 314 
Continuous/Discrete Time Signals 314 
Signal Energy and Power 315 
Signal-to-Noise Ratio 315 
Impulse Response 315 
Differential Equation Representation 316 
Laplace Transform 316 
Fourier Transform 316 
Frequency Response 317 
Magnitude and Phase Representation of the 
Frequency Response 317 
Analog Signal Processing: Design 
Approach 317 
Basic Circuit Components 318 
Operational Amplifiers 318 
Amplifiers 319 
Adders and Multipliers 319 
Integrators and Differentiators 319 
Current-to- Voltage and Voltage-to-Current 
Converters 320 

Modulators and Demodulators 320 
Anolog Filters 321 

Frequency-Selective Filters 322 
Gain and Loss Functions 322 
Passive RLC Filters 322 
Active Filters 322 
IC Active Filters 323 
Digital Signal Processing 323 
A/D and D/A Converter 325 
Mathematical Approach to Digital Signal 
Processing 325 
Digital Filters 326 


301 


© 2012 by Bela Liptak 



302 Digital Techniques and Data Handling 


Digital Signal Processing Software Support 327 
DSP Software Development 328 
DSP Software Packages 329 
Bibliography 329 

19 

DATA ACQUISITION FUNDAMENTALS 330 

Partial List of Suppliers 330 
Introduction 330 
A/D and D/A Signal Converters 330 

Digital-to-Analog Converters 331 

D/A Characteristics 332 
Analog-to-Digital Converters 332 
A/D Characteristics 335 
DAQ Systems 335 

Multiplexers and Multichannel Systems 335 
System Timing Controller 336 
Multifunction I/O Systems 336 
Signal Conditioning 337 
Amplification 338 
Filtering 338 
Isolation 338 

Sensor and Transducer Interfacing 339 
Conclusions 341 
Bibliography 341 

20 

ANALOG AND DIGITAL SIGNAL TRANSMISSION IN 
PROCESSES: PROTOCOLS AND STANDARDS 342 

Partial List of Standards Organizations 342 
Analog Signal Transmission 342 
Pneumatic Pressure 342 
Electric Currents 342 
Fault Signaling on 4-20 mA 342 
Frequency-Modulated Signal Systems 343 
Hybrid Signal Systems 343 
Digital Signal Transmission 344 
Modbus 344 

IEC 61158 Transmission Standard 347 
Multiple Protocols but Worldwide 
Agreement 348 
Wireless Transmission 350 
Bibliography 350 

21 

DATA ACQUISITION: BUSES, NETWORKS, 

SOFTWARE, AND DATA HANDLING 351 

Partial List of Suppliers 35 1 
Introduction 351 

Key DAQ Bus and Network Considerations 35 1 
Internal Expansion Buses 352 

External Buses and Networks 353 
Wireless Networking 355 


Examples of Data Acquisition Hardware 355 
Data Acquisition Software 356 

Virtual Instrumentation 356 

Device Driver Software 358 
Application Software 360 
Conclusions 362 
Bibliography 363 

22 

DATA RECONCILIATION AND SOFTWARE 
METHODS FOR BIAS DETECTION 364 

Introduction 364 

Variable Classification 364 
Canonical Representation 365 
Steady-State Linear Data Reconciliation 367 
Precision of Estimates 367 
Example 367 

Practical Challenges of the Steady-State 
Model 368 

Bias and Leak Detection 370 

Identification Using Closure 370 
Selection of Nodes 37 1 
Global Test 371 

Nodal Tests 372 

Tests Using Linear Combination of 
Nodes 372 
Measurement Test 372 
Generalized Likelihood Ratio Test 373 
Principal Component Test 373 
Sample Size 373 

Multiple Gross Error Identification 373 
Serial Elimination 374 
Unbiased Estimation (UBET) 374 
Uncertainties 374 
Equivalency of Gross Errors 374 

Gross Error Size Estimation 375 

Use of Alternative Objective Functions 375 
Accuracy in the Context of Data 
Reconciliation 376 
Nonlinear Steady-State Data 
Reconciliation 376 
Dynamic Data Reconciliation 377 
Available Software 379 
References 379 


© 2012 by Bela Liptak 



